Deciduoid mesothelioma is a rare variant of epithelioid mesothelioma that was initially considered to occur exclusively in the peritoneum of young women who had no history of asbestos exposure and to be characterized by an aggressive clinical course, but it was later demonstrated that this tumor could also occur in the pleura of older men and women who had been exposed to asbestos. Some subsequent studies have also indicated that the clinical course is no different from that of conventional epithelioid mesothelioma. Herein are reported 21 cases of deciduoid mesothelioma that were investigated using a large panel of immunohistochemical markers, 9 of which were also studied by electron microscopy. Fifteen of the patients were male and 6 were female (mean age, 60 years). Seventeen of the cases originated in the pleura and four in the peritoneum. Histologically, all of the cases were composed of large, polygonal or ovoid cells with well-defined cell borders, dense eosinophilic cytoplasm, and single or multiple nuclei. In some cases, the cells exhibited a wide variation in their size and shape, frequent loss of cell cohesion, marked nuclear atypia, and high mitotic activity (45 per 10 HPF); whereas, in others, the cells were more cohesive, less pleomorphic, and the mitotic activity low. As the survival of patients in the first group of cases was shorter (mean, 7 months), when compared with that of the latter (mean, 23 months), it is concluded that the differences in prognosis reported in deciduoid mesothelioma are due to the existence of a high-grade subgroup that presents highly aggressive clinical behavior. Therefore, when a high-grade deciduoid mesothelioma is present, it should be reported as it can significantly affect prognosis and treatment. The use of immunohistochemistry and electron microscopy in assisting in the differential diagnosis of deciduoid mesothelioma is also discussed.
Deciduoid mesothelioma is the term used for an uncommon subtype of epithelioid mesothelioma that is characterized by the presence of cytomorphological features resembling decidua or decidualized tissue. 1 In 1985, Talerman et al 2 reported the first case of this mesothelioma variant, which arose in the peritoneum of a 13-year-old girl who had initially been diagnosed as having diffuse pseudotumoral deciduosis. The patient died 8 months after diagnosis. In 1994, Nascimento et al 1 reported two additional cases of a similar type of mesothelioma also arising in the peritoneum in two women, 23 and 24 years of age, respectively. In the one case in which follow-up information was available, the patient died of disease 4 months after diagnosis.
Five years later, Orosz et al
3 reported a fourth case of a deciduoid peritoneal mesothelioma in a 15-yearold girl who died of disease 11 months after diagnosis. As all four of the previously mentioned cases originated in the peritoneum and occurred in women with no known history of asbestos exposure, it was suggested that deciduoid mesothelioma was a unique clinicopathological variant of peritoneal mesothelioma that affects young women and is characterized by aggressive clinical behavior. In 2000, six additional cases were reported by Shanks et al 4 and four more by Ordó ñ ez. 5 In these reports, however, it was demonstrated that mesotheliomas with deciduoid features can also originate in the pleura, occur in elderly men, and be associated with asbestos exposure. Since then, several other cases, mostly individual case reports, have been published [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] (Table 1) . Although patient survival in many of the published cases has been short and limited to a few months after diagnosis, thus suggesting that deciduoid mesotheliomas have an aggressive clinical course, patients with long survival 
Materials and methods
Twenty-one cases of epithelioid mesothelioma with deciduoid features were identified from a review of B650 mesothelioma cases from the files of the Department of Pathology at the University of Texas MD Anderson Cancer Center. The cases were selected based on at least 10% of the tumor being composed of large polygonal or ovoid cells having abundant, densely eosinophilic cytoplasm, vesicular nuclei with prominent nucleoli, and well-defined cell borders resembling decidua or decidualized tissue. Immunohistochemical studies were performed on formalinfixed, paraffin-embedded tissue specimens using the strepavidine-biotinylated peroxidase complex method in a Dako AutoStainer (Carpinteria, CA, USA). The primary antibodies are listed in Table 2 . The immunostaining was carried out using the LSAB2 peroxidase kit (Dako). To enhance the immunostaining, a heat epitope retrieval procedure was performed using a Black-and-Decker vegetable steamer (Shelton, CT, USA) as previously described. 25 The antigen-antibody immunoreaction was visualized using either 3-amino-9-ethylcarbazole or 3,3 0 -diaminobenzidine as chromogen. To evaluate the specificity of the immunoreaction, known positive and negative tissues were used as controls. The immunostaining was graded on a sliding scale of 1 þ to 4 þ according to the percentage of reactive cells (trace, o1%; 1 þ , 1-25%; 2 þ , 26-50%; 3 þ , 51-75%; 4 þ , 475%). For ultrastructural studies, samples of the tumor were fixed in 2% glutaraldehyde in phosphate buffer, post-fixed in 1% osmium tetroxide, and embedded in epon epoxy resin. Ultra-thin sections were stained with uranyl acetate and lead citrate.
Results

Clinical Findings
Fifteen patients were men and 6 were women, ranging in age from 39 to 78 years (mean, 60 years). There was a history of asbestos exposure in 11 patients and smoking in 10. In 17 cases, the tumor originated in the pleura and in 4, in the peritoneum. Treatment information was available in only 19 of the patients, 17 of whom had pleural mesothelioma, and 2 peritoneal. Twelve of the patients with pleural mesothelioma underwent extrapleural pneumonectomy and most also received radiotherapy either alone or in combination with chemotherapy after surgery. One of the patients with peritoneal mesothelioma underwent tumor debulking followed by chemotherapy; whereas, the remaining one was treated with chemotherapy alone. Of the 17 patients for whom follow-up information was available, 16 died of disease 4-62 months after diagnosis (mean, 15 months) and 1 is alive with recurrent disease 25 months after extrapleural pneumonectomy.
Pathology Findings
Gross examination of the 12-pneumonectomy specimens showed diffuse involvement of the visceral and parietal pleura with encasement of the lung. Two patients had involvement of the adjacent lung parenchyma (cases 8 and 20); one each of the pericardium alone (case 7), and diaphragm alone (case 6); diaphragm and chest wall (case 9); lung, diaphragm and chest wall (case 12); and pericardium, diaphragm, chest wall, and adjacent lung parenchyma (case 1). Multiple lymph nodes were involved by metastases in 10 of the cases (cases 2, 4, 6, 8, 9, 12, 13, 18, 20, and 21). The most significant microscopic findings are summarized in Table 3 . Histologically, the tumor present in the biopsy material was entirely composed of a diffuse proliferation of neoplastic cells exhibiting deciduoid features; whereas, the proportion of the deciduoid component ranged from 15% to nearly 100% in the pneumonectomy specimens. Although in all cases, the deciduoid component appeared to be made of large epithelioid cells having well-defined borders and dense eosinophilic cytoplasm, some differences were observed between cases. The cells in some cases tended to be uniform in size ( Figure 1a) ; while in others, a great variation in size and shape was seen (Figures 1b-d and 3c, f) . Similarly, in some cases, the nuclei exhibited regular contours, evenly distributed chromatin, and a single nucleolus ( Figure 1a) ; whereas, in others the nuclei were irregular, often had clumped chromatin, several nucleoli, and frequent nuclear pseudoinclusions (Figures 1c, 3d and 4a, c) . In the latter cases, the cells were often discohesive and frequently contained a relatively large population of binucleated and multinucleated neoplastic cells. In addition, the mitotic activity in these cases was high (45 mitoses per 10 HPF) and atypical mitotic figures were often seen ( Figure 1b) . Although, in general, the neoplastic cells were arranged in solid nests, in one case, they appeared to be lining villous-like structures or irregular spaces that formed as a result of the loss of cohesion of the neoplastic cells (Figures 1e and f) . Three of the cases (Cases 1, 6, and 13) showed focal areas in which the deciduoid cells had vacuolated and/or clear cytoplasm (Figures 1g and h) . PAS stains performed in these cases were negative for glycogen. In one of the cases (Case 7), the neoplastic cells became markedly discohesive and progressively pleomorphic with some of the cells exhibiting rhabdoid features (Figures 2a-c) . Several of the tumors had sparse cells with intracytoplasmic lumina, but in one of the cases (Case 21), these cells were numerous and some exhibited a signet-ring-like morphology (Figures 2d-f) . One of the cases (Case 19) had prominent myxoid stroma (Figures 2g and h ).
Immunohistochemistry
The immunohistochemical results are summarized in Table 4 . The neoplastic deciduoid cells in all 21 cases strongly reacted for calretinin and the staining was both nuclear and cytoplasmic (Figure 3a ). They were also strongly positive for pankeratin, keratin 7, keratin 5/6, and mesothelin in all cases stained for these markers (Figures 3b and c) . Thirteen (93%) of 14 and 11 (85%) of 13 cases were positive for podoplanin and WT1, respectively, and the staining was nuclear (WT1, Figure 3d ) and along the cell membrane (podoplanin, Figures 3e and f) . All of the cases stained for MOC-31, CEA, TAG-72, CD15, TTF-1, or HCG were negative for these markers.
Electron Microscopy Findings
The ultrastructural features of all nine of the cases for which tissue was submitted for electron microscopic evaluation were very similar. The tumor cells often appeared discohesive and the cell membranes were covered by a large number of slender microvilli (Figure 4a ). The nuclei were pleomorphic, single or multiple, exhibited markedly irregular contours, and contained one or more nucleoli (Figures 4a  and b ). On occasion, nuclear pseudoinclusions consisting of cytoplasm were seen (Figure 4c ). The cytoplasm was abundant and contained a large number of intermediate filaments, often arranged in bundles (Figure 4b ). In some of the cases, intracytoplasmic lumina were seen. The cell membrane lining the lumina was often covered by long microvilli (Figure 4e ) and, on occasion, contained electron-dense material that most probably represented proteoglycans (Figure 4f ).
Discussion
One of the main characteristics of the tumors arising from the serosal membranes is their ability to present a wide range of morphological features. 1, 5, 15 The term deciduoid mesothelioma was introduced by Nascimento et al 1 in 1994 to describe a rare variant of epithelioid mesothelioma that bears a morphological resemblance to decidua or decidualtype changes. As, in the early studies, these tumors were reported to be clinically highly aggressive and to occur in the peritoneum of adolescent girls or young women who had no history of asbestos exposure, it was initially suggested that this variant of mesothelioma represented a distinct clinicopathological type of mesothelioma. Subsequent investigations, however, have demonstrated that deciduoid mesotheliomas are not restricted to the peritoneum of young women, but can also arise in the pleura of older men and women who have a history of asbestos exposure, 4, 5 and these tumors may also have a less aggressive clinical course than was first reported. 14 Of the 64 cases of deciduoid mesothelioma, including the 43 reported in the literature (Table 1 ) and the 21 in the present series (Table 3) , 34 occurred in males who ranged in age from 13 to 78 years (mean, 62 years) and 30 in females who ranged in age from 13 to 71 years (mean, 44 years). In 39 cases, the tumor originated in the pleura, 22 in the peritoneum, 1 in the pericardium, and 2 in the paratesticular region. Of the 27 patients who had a history of asbestos exposure, the mesothelioma arose in the pleura in 23 patients and in the peritoneum in 4. That 39 (61%) of the 64 deciduoid mesotheliomas originated in the pleura, when compared with 22 (34%) in the peritoneum, and that males were affected slightly more frequently than females does not support the common belief that deciduoid mesotheliomas occur more often in women and arise more frequently in the peritoneum. 15 According to published reports, deciduoid mesotheliomas are composed of large, polygonal, round, or ovoid cells having well-defined cell borders, abundant eosinophilic, glassy cytoplasm, and round vesicular nuclei presenting prominent nucleoli. 8, 24 Additionally, nuclear pleomorphism, nuclear pseudoinclusions, 8, 18, 24 and binucleated or multinucleated cells have also been mentioned as being present in some of the reported cases. 8, 9, 23, 24 Mitotic activity has been documented as being variable and, although some reports have mentioned that the tumor had high mitotic activity and the presence of atypical mitoses, [2] [3] [4] [5] 8 others have indicated that only rare or few mitoses were present. 11, 13, 14, 21, 24 In addition to the previously mentioned morphological features, some of the published reports have included other findings that, although uncommon, can also occur in deciduoid mesotheliomas. These include the presence of focal areas in which the cells present foamy, 18 vacuolated 10,11 or clear cytoplasm, 15, 19 prominent intracytoplasmic lumina, 3, 5, 15 focal rhabdoid changes, 7, 19 and mucinous or myxoid stroma. 20 In general, the spectrum of morphological features of the deciduoid mesotheliomas in the present series was comparable to that described in previously reported cases. Additionally, as in previous investigations, the extent of deciduoid features in the present series varied from case to case, being focal in some, predominant in others, and on occasion, occurring in the entire tumor.
The results of the immunohistochemical studies in the reported cases of deciduoid mesothelioma are summarized in Table 5 . According to these studies, deciduoid mesotheliomas commonly express calretinin, keratin 5/6, thrombomodulin, EMA, and HBME-1 and they are almost invariably negative for those markers that are not expected to be expressed in mesotheliomas, including CEA, CD15, and Ber-EP4. The present study largely confirms these observations and shows that deciduoid mesotheliomas also commonly express other markers that have more recently been recognized as mesothelioma markers, such as podoplanin, WT1, and mesothelin, thus indicating that the immunoprofile of these tumors is no different from that of other epithelioid mesothelioma variants. 38, 39 It was also found that, because the reactivity for podoplanin and mesothelin occurs mainly along the cell membrane, immunostaining for these markers can be very useful for enhancing the cellular pleomorphism found in some cases of deciduoid mesothelioma (Figures 3c and d) . Electron microscopy frequently demonstrates the presence of ultrastructural features that are regarded as being characteristic of mesothelial differentiation, such as the presence of numerous, long, slender, branching microvilli on the apical and lateral surfaces of the cell membrane. 40, 41 It also shows that the glassy appearance observed in the cytoplasm on light microscopy is because of the presence of large amounts of intermediate filaments, which can occur either in a dispersed form or arranged in bundles. 5, 15 Additionally, electron microscopy confirms that the nuclear pseudoinclusions that are often seen in some cases of deciduoid mesothelioma represent a portion of the cytoplasm that has protruded into the nucleus while the nuclear membrane remains intact.
Although mesotheliomas with deciduoid features are uncommon, it is important for pathologists to be aware of this morphological variant of epithelioid mesothelioma as it can, on occasion, pose diagnostic difficulties, as is shown by the fact that some of the reported cases were initially misdiagnosed as either pseudotumoral deciduosis 2, 21 or rhabdomyosarcoma. 3 Deciduoid mesotheliomas involving the peritoneum of women should be distinguished from pseudotumoral deciduosis, a condition that, although more frequently associated with pregnancy, 42 can be idiopathic, 43 and has been reported to occur in post-menopausal women. 44 It should also be mentioned that a deciduoid mesothelioma has been reported in a pregnant woman, 18 as well as in a woman 6 months after a caesarean section who was originally diagnosed as having pseudotumoral deciduosis. 21 In those instances in which the differential diagnosis is between deciduoid mesothelioma and pseudotumoral deciduosis, the higher degree of cellular atypia and presence of mitoses would favor the former over the latter. Electron microscopy can also be helpful by the demonstration of features, such as numerous, long, slender microvilli that would indicate mesothelial differentiation. Immunohistochemical studies can also be useful, because decidual cells express estrogen receptor and alpha inhibin, markers that are absent in mesotheliomas. [45] [46] [47] As some early immunohistochemical studies were unable to demonstrate keratin expression in deciduosis, 43 some investigators suggested that immunostaining for this marker could assist in distinguishing deciduoid peritoneal mesothelioma from deciduosis. 1 Subsequent studies, however, demonstrate that both human decidua and extrauterine decidual reactions can be keratin positive and, therefore, keratin immunostaining has no value in discriminating between mesotheliomas with deciduoid features and deciduosis. 46 Another condition that, in women, can potentially be confused with deciduoid mesothelioma is trophoblastic neoplasia. Given the fact that trophoblastic neoplasia occurs after pregnancy and as the neoplastic cells in this condition express HCG, immunohistochemistry can assist in establishing the correct diagnosis. It should be mentioned, however, that rare cases of mesotheliomas producing HCG have been documented in the literature. 48, 49 That all 13 of the reported cases of deciduoid mesothelioma that have been investigated for HCG expression were negative for this marker, 1, 6, 8, 11, 18, 21 as were the 4 additional cases in the present study, is an indication that if HCG is expressed in deciduoid mesotheliomas, it would be extremely rare.
Deciduoid mesotheliomas also need to be distinguished from a variety of other neoplastic conditions that are characterized by the presence of large cells with abundant eosinophilic cytoplasm, such as oxyphilic clear cell renal cell carcinomas, and some anaplastic carcinomas that frequently contain multinucleated cells, such as pleomorphic lung carcinomas. PAX 8 is a marker that is commonly expressed in renal cell carcinomas, [50] [51] [52] but usually absent in mesotheliomas; 53 therefore, immunostaining for this marker can assist in distinguishing between deciduoid mesothelioma and renal cell carcinomas. In my experience, pleomorphic carcinomas of the lung, in contrast to deciduoid mesotheliomas, do not express calretinin, mesothelin, or WT1, therefore, immunostaining for these markers can assist in discriminating between these two malignancies. TTF-1, which is invariably absent in mesotheliomas, has been reported to be expressed in about 50% of pleomorphic lung carcinomas; 54 therefore, when immunoreactivity for this marker is present, it may help to establish the lung origin of a pleomorphic carcinoma involving the pleura. Additionally, some non-epithelial tumors, such as gastrointestinal stromal tumors, rhabdomyosarcomas, and melanomas, can on occasion resemble deciduoid mesothelioma. When these tumors are included in the differential diagnosis, immunostaining for CD117 (c-kit), myogenin, and melanoma markers, such as melan A or HMB-45, that are commonly expressed in gastrointestinal stromal tumors, rhabdomyosarcomas, and melanomas, respectively, but absent in mesotheliomas, can assist in distinguishing between these malignancies and deciduoid mesothelioma.
Controversy exists in the literature regarding the prognosis of patients with deciduoid mesothelioma. Although in early studies it was emphasized that this mesothelioma variant is characterized by an aggressive clinical behavior, 1-3 some subsequent investigations have indicated that they do not represent a category of tumors with an unfavorable prognosis nor do they behave in a manner that is clinically different from other more conventional epithelioid mesotheliomas. 14, 15 It should be noted that detailed information regarding the histological features of these tumors was provided in relatively few of the reported cases of deciduoid mesothelioma for which follow-up information was available (Table 1 ). In the five reported cases in which it was indicated that the tumor had high mitotic activity (45 mitoses per 10 HPF), including the presence of atypical mitoses, the patients had a shorter survival (5-11 months, mean 8); 2, 3, 5 while in five of those cases in which it was stated that the mitotic figures were rare or uncommon (o3 per 10 HPF), two patients died of disease 17 and 30 months after diagnosis, respectively, 14 and three were alive at the time of publication 12, 20, and 32 months after diagnosis, respectively. 9, 12, 18 These findings are comparable to those of the present investigation in that those tumors with a high number of mitoses (45 per 10 HPF), a decrease in cell cohesion, highly atypical nuclei that vary in their size and often contain cytoplasmic inclusions, and large, sometimes multiple nucleoli tend to behave in a more aggressive manner than those in which the mitotic activity was low, the cells were more uniform and more cohesive, and the nuclei exhibited less atypia. In the present series, 7 of the cases (Cases 1, 2, 6, 7, 8, 13, and 15) that were considered to belong to the first group died of disease 4-17 months (mean, 7 months) after diagnosis, while 9 of the 10 cases ( Cases 5, 12, 14, 16, 17, 18, 19, 20 , and 21) that were considered to belong to the second group died of disease 6-62 months (mean, 22 months) after diagnosis and the remaining patient (Case 4) was alive 25 months following diagnosis (Table 3 ). These observations appear to be in agreement with a recent investigation that indicated that nuclear grading based on nuclear features and mitotic count can provide prognostic information in epithelioid diffuse malignant pleural mesothelioma. 55 In that study, it was reported that patients with tumors displaying nuclear atypia, prominent nucleoli, nuclear pseudoinclusions, high mitotic count (45 per 10 HPF), and atypical mitoses had a shorter median survival (5 months) when compared with the overall survival of all of the patients (16 months) included in their investigation. Therefore, based on the findings of the present study, as well as on those reported previously, it appears that there is a subset of deciduoid mesotheliomas that, because of their morphological features and clinical behavior, should be regarded as high-grade mesotheliomas. As, in addition to their deciduoid features, these tumors are characterized by having a relatively large number of multinucleated neoplastic cells, marked cellular pleomorphism, frequent loss of cell cohesion, and high mitotic activity, including the presence of atypical mitoses, it would be better, in my opinion, to classify deciduoid mesotheliomas with this morphology as a variant of pleomorphic mesothelioma. The morphological features of highgrade deciduoid mesothelioma not only overlap with those of epithelioid pleomorphic mesothelioma but also the prognosis of both groups is very similar, as was seen in two recent studies on pleomorphic mesotheliomas in which the median survival was reported to be 8.1 and 7.3 months, respectively. 36, 37 Therefore, based on the above information, the difference in prognosis that has been reported in deciduoid mesotheliomas can be explained by the fact that a subgroup of high-grade deciduoid mesotheliomas exists. Finally, it is recommended that, because high-grade deciduoid mesotheliomas are associated with highly aggressive clinical behavior, when this subtype of epithelioid mesothelioma is present, it should be indicated in the pathology report as this can significantly affect not only the prognosis but also patient treatment.
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